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Abstract 
This dissertation was written as a part of the MSc in Energy Building Design at the 
International Hellenic University. The main purpose of this diploma thesis is to raise the 
awareness about the importance of the refurbishment of the active systems of Buildings. 
This dissertation takes as a guide the EN15232 standard which proposes various 
strategies to upgrade the HVAC and lighting systems of a building. Thus, a sample of 
buildings of the Tertiary sector is selected and analyzed not only regarding their energy 
consumption, but mainly for the possible implementations and finally the economical 
feasibility of these interventions which was evaluated based on the NPV and IRR 
indices and the depreciation time. The results showed that the larger the project, the 
faster the depreciation of the original investment. 
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 Introduction 
The present thesis aims to study the energy upgrading of hotel units using the standard 
EN15232. Initially, there will be an analysis of the research work on energy upgrading 
of buildings not only in the tertiary sector but also in other areas regarding the use of 
automation at both HVAC and lighting levels, taking into consideration that the  
EN15232 standard focuses there. 
Then there will be an analysis of the problem: that is the high energy consumption of 
the hotel units and the need for energy efficiency upgrade, as well as the importance of 
automation in this upgrade. 
Then the standard EN15232, based on which the savings have been calculated, will be 
presented. The methods and ways of making the savings possible will be presented, and 
in particular the BAC factors method for calculating thermal and electrical loads. 
Then, after selecting the sample of the hotel units that will be studied, they will be 
analyzed for their energy consumption, classified into energy categories and energy 
savings calculated based on the proposed interventions. 
Finally, a feasibility study will be presented which will analyze the economic benefits 
that this energy upgrade can offer to the hotel units. 
 
 
 
 
 
 
 
 
 
1. Literature review 
 
In this chapter there will be a short and indicative analysis of the similar work that has 
been done regarding the implementation of building automation systems for improving 
their energy efficiency. The analysis does not focus only on the tertiary sector but there 
is an examination of many case studies in many sectors. 
 
1.1 Energy efficiency assessment of the Antalya Region Hotels in 
Turkey 
Hotels in the Antalya Region in Turkey play an important part in the energy 
consumption pie of the region. These hotels consume large quantities of electricity, 
water, gas and other sources. This study focuses on the development of energy 
efficiency benchmarks, for evaluating measures that may be taken in order to improve 
the energy efficiency of the hotels. These measures will not only lead to a better 
understanding of the energy consumption profile of the buildings but also for the 
economical benefits that will  emerge from the measures implemented.  
It uses Data envelopment analysis which a special linear programming model with 
multiple input- multiple output data units for creating a benchmark to classify and 
assessing a hotel’s energy efficiency. After the hotel sample (32 hotels) is separated into 
energy efficient and non- efficient hotels, there are measures proposed for improving 
their electricity, water, and liquefied petroleum and gas consumption. 
After the analysis is done, the results are discussed. It is discovered that the hotel’s 
consumption is strongly correlated with the occupancy rate. Finally there are proposed 
measures. These measures include not only passive techniques but also improvements 
in the electromechanical systems of the hotels. 
The measures are presented in the following table retrieved from the respective 
published analysis. 
 Figure 1 Proposed solutions 
[1] 
 
1.2 Building Automation and Control systems: A case study to evaluate 
the energy and environmental performances of a lighting control 
system in offices 
Bacs are an essential part of the energy upgrading of a building. In the present study, the 
effects of BACS application on office lighting energy consumption are investigated. 
The strategies applied include daylight techniques and lighting strategies based on 
office occupancy. The research sample is ten offices in Torino, Italy, where a custom 
designed system was designed to control both the lighting of buildings and the Air 
conditioning system. In addition to the results of the implementation of the energy 
saving system, the effects of these applications on the psychology of the tenants and 
their degree of satisfaction are also analyzed. 
Regarding the results on the energy consumption in the offices, this was very much 
dependent on the percentages of available natural light. To assess the economic benefits 
of automation implementation, a comparison was made between post-automation 
energy consumption and manual control energy consumption, with the reduction being 
close to 17%. 
Regarding the occupants' satisfaction with the lighting system the following graph was 
taken:
 
Figure 2 Users' Satisfaction 
 [2] 
 
1.3 Impact of building automation control systems and technical 
building management systems on the energy performance class of 
residential buildings: An Italian case study 
This research focuses on evaluating the results and impacts on the energy performance 
of a building, the implementation of BACS (Building Automation and Control) and 
TBM (Technical Building Management) systems. Taking the EN15232 standard as a 
guide, this research shows that the various functions of the standard and consequently 
the automations proposed affect the energy efficiency of a single-family residential 
house. Finally, an econometric analysis is carried out to investigate the impact of the 
application of automation on saving money. 
The case study had the following results: 
-The installation of a BAC and TBM system is more efficient and practical to 
implement, the higher the energy consumption (electrical or thermal) of the building 
concerned is (thus the lower the energy class in which it is classified is). 
- And secondly, the installation of such systems can greatly improve the energy 
efficiency of a building and also bring great economic benefits. 
An important observation of this publication is that inadequate and false installation of 
these systems can cause them to be difficult to handle by occupants, as well as cause 
discomfort, and also damage the various systems.    
[3] 
1.4 Ten questions concerning model predictive control for energy 
efficient buildings 
This publication examines the case of a strategy called Model Predictive Control 
(MPC). Buildings are a very big part of the energy consumption pie. They are a 
potential energy consumer, with many limitations and constants to consider. The most 
important of these so-called disputes is to minimize energy consumption while 
maximizing occupant satisfaction. 
What the MPC model does is to use a series of algorithms to analyze data on energy 
consumption reduction measures. In essence, analyzing the data minimizes these 
conflicts that may arise between the proposed actions and their results while at the same 
time creating a forecasting model so that the dynamic measures can be implemented as 
optimally as possible. 
This model can be seen graphically regarding the control functions it implements, in the 
next picture: 
 Figure 3 Model Components 
[4] 
1.5 Using fuzzy multiple criteria decision making approaches for 
evaluating energy saving technologies and solutions in five star hotels: 
A new hierarchical framework 
 
This study presents a hierarchical strategy framework for evaluating the technologies 
for making building energy efficient that are of most importance. It is conducted in a 
sample of the 10 biggest Iranian hotels and it uses the fuzzy set theory. The paper 
collects those technologies that play the most important role in the energy evaluation of 
a building through bibliographic research. 
In this study, 17 key energy factors were collected amongst a total of 40 and categorized 
into groups. Using a framework based on the fuzzy Delphi method, the study concludes 
and classifies the following: 
The first category is the efficiency of the equipment. Then it comes to the efficiency of 
the system, followed by the reduction of the cooling and heating load, followed by 
renewable energy and energy management. The results of the paper can be seen in the 
following table: 
 Figure 4 Fuzzy Numbers for each proposed solution 
[5] 
1.6 An integrated system for buildings’ energy-efficient automation: 
Application in the tertiary sector 
 
It is a fact that building automation systems have become increasingly popular. 
However, the emerging need for remote control of this technology and automation in 
order to achieve real-time monitoring of energy consumption is obvious. 
In order to meet this growing need, this paper introduces a software tool that enables the 
simulation and optimization of energy consumption in the tertiary sector. The system 
implements and integrates strategies and functions related to heating, cooling and 
lighting based on existing legislation on the energy performance of buildings and in 
particular EN15232 and ISO 50001. The system was implemented in a supermarket in 
Greece, with some important results regarding the improvements in the energy 
efficiency of the building. 
 
Figure 5 Methodological approach 
[6] 
2. Problem Definition 
 
In this chapter, a short analysis of the problem studied in this dissertation will be 
illustrated. The main issue of the dissertation is to examine the energy performance of 
the hotel building stock and highlight the implementation of BACS as a major 
retrofitting measure to enhance their energy efficiency. In particular, an analysis of the 
existing Greek hotel stock will be presented though statistical data, regarding their age, 
their energy consumption (energy consumption breakdown) and other available 
information, essential for shaping a general view of the existing hotels in Greece. Also, 
the effects of the energy consumption of existing Hotel buildings and their contribution 
to the total energy consumptionwill be discussed. Finally, there will be ashort 
introduction on retrofitting measures and specifically BACS and how they can 
contribute to the mitigation of the energy consumption problem. 
 
2.1 Climatic zones in Greece 
The climatic zones in Greece are four and have been established with the recast of the 
Regulation for the Energy Performance of Buildings (KENAK) in 2010.Based on the 
data collected from the 2011 Building Census, the vast majority of the hotels is located 
in the south Aegean Region and secondly in Crete, that is the climate zone A. This is 
totally reasonable considering the high touristic activity in Greece for the summer 
period. Moreover, theleast number of hotels is noticed in climate zone D. 
ΚΕΝΑΚgroups together the zones A and B and separately the zones C and D due to 
their differences in the climatic conditions. Specifically, the climate in zones A and B is 
warmer, that is why they are defined with a longer cooling period according to the 
KENAK.This leads to the conclusion that the handling of the cooling needsis a priority 
for the majority of the hotel building stock.  
 Figure 6 Climatic zones of Greece 
 
 
 
2.2 Existing Greek hotel stock 
First of all, it should be mentioned that the existing hotel building stock accounts for a 
low share in the total building stock in Greece. According to the statistics provided in 
the 2011 Building Census, the number of hotel buildings of exclusive use is 34,736 
holding the 0,9% out of the total (Figure ---), while the existing hotels of mixed use are 
8,780. However, this does not mean that their low share in the building stock will not 
offer any environmental benefit by their refurbishment. Hotel buildings are energy-
intensive buildings, which are in need of upgrade and able to achieve both 
environmental and economic benefits. Specifically, the energy savings achievable 
through the hotels’ renovation is a greatly important step for the reduction of CO2 
emissions and for the improvement of the microclimate conditions. What is more, cost 
savings is an equally significant incentive for applying energy saving measures in the 
existing hotel buildings.  
 
 Figure 7 Building distribution based on their use according to ELSTAT 
 
2.3 Hotels’ construction period 
As you can see in the following chart, the majority of the existing building stock is 
constructedbefore 1980, where the hospital and educational building stock holds the 
highest percentages.What is more, it is clear that after 2000, the percentage of 
buildings’ construction has decreased in almost every type of building. In particular, 
Figure – shows individually how the hotel building stock is distributed over the three 
important construction period categories according to ELSTAT.Thisleads directly to the 
conclusion that the majority of existing hotels is constructed before the introduction of 
the first Regulation for the Insulation of the Buildings in 1979. Thus, the poor energy 
performance of the building envelope intensifies the hotels’ energy consumption.The 
second largest percentage, 38%, noticed in the period 1981-2000 is also an important 
fact since the application of the Regulation for the Insulation of the Buildings was really 
flawed until the early 2000s, which means that the energy performance of the hotels had 
not been advanced to the expected degree.   
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 Figure 8 Number of Existing Buildings 
 
 
Figure 9 Hotel Building Stock distribution 
 
 
2.4 Energy Performance of Non-Residential Buildings 
The Ministry of Environment and Energy provides information about the energy 
efficiency of all the types of buildings and includes the hotels in the category of 
temporary residences. Specifically, the data given shows that the average total primary 
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energy consumption is 462.32kWh/m2, while the individual contributions are displayed 
in Figure--  . It is remarkable that the primary energy consumption for lighting is 
accountable almost for the half out the total, while the usage of Renewable Energy 
Sources (RES) is almost inexistent. Moreover, the nextchart shows the number of 
Energy Performance Certificates (EPCs)that has been issued for non-residential 
buildings in Greece. For the temporary residences, the least number of hotels falls into 
the energy classes A to B, that is 1,060 EPCs, which accounts approximately for the 
10% of the total number of temporary residence buildings. A high number of EPCs, 
6,403, falls into the energy classes C to D, while 2,729 in E to H. These percentages 
show the high need of retrofitting of the hotel building stock. 
 
 
Figure 10 Energy consumption breakdown 
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 Figure 11 Energy performance of non-residential buildings 
 
 
2.5 Energy Consumption of Non-Residential Buildings 
In the next two charts,the energy consumption per climatic zone and the contribution to 
the energy balance of non-residential buildings is shown. Considering the first chart, it 
can be derived that hotels account for a large part of the energy consumptionin the 
climatic zone D, which is 752,37kWh/m2, a very high number compared to the average 
primary energy consumption. In climatic zone Athough, where the most buildings 
locate in, the average primary energy consumption is440,13kWh/m2, which is least one. 
What is more, the second chart presents that the hotel buildings are hugely dependent on 
the electricity reaching the 83,83%, while the second largest percentage 13,74% shows 
that hotels also use heating oil, but to a lot lower degree. Aa already spoken, RES have 
a low share, with the solar energy being the most used. 
Taking into account the above, it is essential to mention that hotels, account for a big 
part of the energy consumption pie chart, especially regarding electricity consumption. 
For this reason, it is important to conclude that retrofitting measures should 
beconsidered not only by improving the building envelope and the passive 
systems’integration, but also bythe installation of active systems such as HVAC and 
Lighting. 
 
Figure 12 Energy consumption of non-residential buildings per climate zones 
 
 
 Figure 13 Energy consumption of non residential buildings 
 
[7][8] 
3. Legislation Analysis: 
Breakdown of the legislation used in this study 
 
This study is based on the European Standard EN 15232. In this chapter, there will be 
an analysis of the Standard, regarding its scope, field of implementation and the various 
methods used. 
This European Standard was formed to establish methods for estimation of the impact 
of Building Automation Control Systems (BACS) and Technical Building Management 
(TBM) on energy performance and energy use in buildings. 
This European Standard specifies a method to estimate energy saving factors which can 
be used in complement with energy assessment of buildings. It supplements a series of 
standards which are drafted to calculate the energy efficiency of technical building 
services e.g. heating, cooling, ventilation, lighting systems. Furthermore, it takes into 
account, that with BAC and BM, the energy consumption of a building can be reduced. 
This Standard should be used for existing buildings and for design of new or renovated 
buildings. 
This European Standard specifies: 
– A structured list of control, building automation and technical building management 
functions which have an impact on the energy performance of buildings. 
– A method to define minimum requirements regarding the control, building automation 
and technical building management functions to be implemented in buildings. 
This European Standard concerns building owners, engineers and public authorities as it 
involves functions that have to do with the renovation of existing or the design of new 
buildings.  
 
For the purposes of the following analysis, some terms and definition (the most 
important) are given directly from the Standard EN 15232. 
Building automation and controls (BAC): 
description for products, software, and engineering services for automatic controls, 
monitoring and optimization, human intervention and management to achieve energy – 
efficient, economical and safe operation of building services equipment. 
Building automation and control systems (BACS): 
comprising all products and engineering services for automatic controls (including 
interlocks), monitoring, optimization, for operation, human intervention and 
management to achieve energy – efficient, economical 
and safe operation of building services 
Control function: 
BACS effect of programs and parameters. Functions within a BACS are referred to as 
control functions, I/O, processing, optimization, management and operator functions. 
Function is a program unit. 
Energy performance of a building: 
calculated or measured amount of weighted net delivered energy actually used or 
estimated to meet different needs associated with a standardized use of a building, 
which may include, inter alia, energy used for heating, 
cooling, ventilation, domestic hot water and lighting. 
  
3.1 BAC Efficiency Classes 
Four different BAC efficiency classes (A, B, C, D) of functions are defined either for 
non – residential and residential building. 
– Class D refers to non energy efficient BACS. Building with such systems shall 
be retrofitted. New buildings shall not be built with such systems. 
– Class C corresponds to standard BACS. 
– Class B corresponds to advanced BACS. 
– Class A corresponds to high energy performance BACS. 
These functions when implemented from engineers, public authorities and building 
owners have an impact on the energy performance of the building. The building will be 
classified to a BAC Efficiency Class in compliance to the effect of the functions used.  
The following tables that are extracted from the Standard, present the functions and 
class assignment: 
 Figure 14 Bac efficiency classes 
 
Figure 15 Bac efficiency classes 
 Figure 16 Bac efficiency classes 
 
Figure 17 Bac efficiency classes 
 Figure 18 Bac efficiency classes 
 
Figure 19 Bac efficiency classes 
 Figure 20 Bac efficiency classes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Calculation procedures of BAC efficiency 
The calculation of the impact of building automation, control and management 
functions on the building energy performance can be done either by a detailed method, 
or a BAC Factor method. The following figure shows how to use the different 
approaches. 
 
Figure 21 Calculation procedures 
In this study, the BAC factor method will be used. By using this method someone is 
able to evaluate the impact that BACS and BMS have on the energy efficiency of a 
building simply by using these factors. These factors were calculated by using transient 
pre-calculations for different types of buildings. 
  
Two sets of BAC factors arose, after the energy efficiency method calculation: 
- f BAC,h  : energy for heating and cooling   
- f BAC,el : electric energy for lighting and auxiliary devices   
 
The relations between building energy systems and BAC efficiency factor can be seen 
in the following table: 
 
Table 1 BAC Factors calculations 
Therefore the BAC efficiency factors have to be used as illustrated in the following 
equations to calculate the BAC assessed energy input to the systems. 
 
 
- Heating system 
Heating system equations 
 
 
- Cooling system 
Cooling system equations 
 
 
- Ventilation system 
Ventilation system equations 
 
- Lighting system 
Lighting system equations 
 
 
Where: 
- QH ,Tot,BAC,  is the total heating energy related to a BAC efficiency class; 
- QH ,nd ,B , QH ,sys are the heating energy needs of the building, energy losses 
of the 
heating system; 
- QC,Tot,BAC  is the total cooling energy related to a BAC efficiency class; 
- QC,nd ,B , QC,sys are the cooling energy needs of the building, energy losses of 
the 
cooling system; 
- WH ,aux,BAC , WC,aux,BAC , are the electrical auxiliary energy for heating, 
cooling, ventilation 
- WV ,aux,BAC , WL,BAC and electrical energy for the lighting related to a BAC 
efficiency class; 
- WH ,aux , WC,aux are the electrical auxiliary energy for heating, cooling, 
ventilation 
- WV ,aux , WL and electrical energy for the lighting; 
- f BAC,HC , f BAC,el are the BAC efficiency factors for thermal energy (heating 
and/or 
cooling) and for electric energy; 
- f BAC,HC,ref , f BAC,el,ref are the BAC efficiency factors as before but for 
reference BAC 
The BAC efficiency factors in the following tables for thermal energy (heating and 
cooling) are classified depending on the building type and the efficiency class the BAC 
system is related to. The factors for efficiency class C are defined to be 1 as this class 
represents a standard functionality of BAC and TBM system. The use of efficiency 
classes B or A always leads to lower BAC efficiency factors, i.e. an improvement of 
building energy performance. 
 
Table 2 BAC efficiency factors 
 
Table 3 BAC efficiency factors 
The same applies for the BAC efficiency factors regarding electricity 
 Table 4 BAC efficiency factors 
 
Table 5 BAC efficiency factors 
 
Taking into consideration the above, the study concludes in the following methodology 
for calculating the efficiency achieved after implementing the BAC functions. 
First, the energy consumption of the building is calculated regarding the electricity and 
the energy consumption for heating and cooling. 
Then, the HVAC and Lighting systems of the building are documented. According to 
the systems and its energy consumption the building is classified to a BAC class (A, B, 
C, D). The reference class is class C, which means that it is essentially the basic class a 
building might have.  
After classifying the building in a respective class, the retrofitting measures are chosen 
in the form of the list of function provided by the legislative framework. For example if 
anyone chooses to retrofit a building and upgrade it from reference class C to A, then 
the building’s BAC system should be designed according to function list of class A. As 
stated previously, this study follows the BAC factor method for calculating the energy 
performance improvement.  
  Finally, following the BAC factor method as described in the previous lines, the 
energy savings regarding electricity and thermal energy, are calculated.[9] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
4. Case study 
The information included in the following example have been recovered from the 
following bibliography:  
 
In the following case studies the consumption of the hotels:  (7), (15), (2), (22) [10]will 
be examined. Furthermore, the implementation of BACS according to EN15232 will be 
analyzed. Finally, there will be an economical analysis of the savings derived from the 
BACS implementation.  
The hotel number (7) will achieve Class A. 
The hotel number (15) will achieve Class B. 
The hotel number (2) will achieve Class A. 
The hotel number (22) will achieve Class A. 
 
The main differentiation of the chosen hotels is their heating/cooling system, their 
number of rooms and the gross floor area. Thus the hotels will be examined, improved 
and categorized according to their systems and size.  
4.1 1st Case study 
In the first case study, the hotel number 7 will be examined [10]. 
 
 
CONSUMPTION (Mean values 2010-2011): 
The following tables will show in detail the consumption for the years 2010 and 2011 
for the hotel (7). The following consumptions were largely influenced by the size of the 
building, the hotel profile, the hotel systems and the number of tenants in the 
consumption study period. 
 Energy source  Primary energy Coef. 
Pollutants per unit of energy 
[kgCO2/kWh] 
Natural Gas  1,05  0,196 
Oil 1,10  0,264 
Electricity  2,90  0,989 
Biomass 1,00  --- 
 
Table 6Primary Energy and CO2 pollutants / unit coefficients 
 
 
 
 
 
 
 
 
 
Table 7Hotel consumption for year 2010 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2010 
7  393,02  16,13  0,00  409,15  
 Below, the consumption of the hotel is normalized to the total area and the average of 
two years of consumption is presented, for the hotel number (7) 
Table 9 Indicative information for hotel number (7) 
H RN  SR  CY  TVA  
EUIel 
(kWh/m2) 
EUIgas 
(kWh/m2)   
EUIoil 
(kWh/m2) 
7 58 5 1974 2093 382.32 17.4 0 
 
 [10] 
 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2011 
7  371,61  18,66  0,00  390,27  
Table 8 Hotel consumption for year 2011 
 
EUIel 
Annual electricity consumption 
primary energy per square meter 
EUIgas Annual natural gas 
primary energy per square meter 
EUIoil Annual oil 
primary energy per square meter 
HVAC SYSTEM : 
Regarding heating, cooling and hot water production systems we have the following 
information about the hotel (7), according to the study [10]: 
Heating system: Central heating system with gas-fired boiler  
Cooling system: Air cooled water chiller 
Hot water system: Central heating system with gas-fired boiler  
 
ASSUMPTIONS 
According to the European Program EL-Tertiary where electricity consumption is 
monitored in the Tertiary sector in 25 European countries including Greece, results 
show that in hotels: 
• 14% of electricity consumption is related to air conditioning. 
• 22% of electricity consumption is related to cooling.  
• 13% of electricity consumption is related to lighting.[11] 
The remaining percentage is allocated to other uses.  
Thus the following consumptions are allocated: 
• Energy consumption for heating / DHW equals to: 17.4(kWh/m2) 
• Energy consumption for cooling equals to : 84.11  (kWh/m2) 
• Energy consumption for ventilation equals to : 53.52  (kWh/m2) 
• Energy consumption for lighting equals to : 49.7  (kWh/m2) 
 
The following assumptions are made regarding heating, cooling, air conditioning and 
lighting systems due to lack of data: 
The thermal / cooling (water) distribution system is a pipeline network. The terminal 
units are fan coil which are active and used during heating / cooling. Consequently, the 
air in the room is cooled / heated through the FCUs where hot / cold water passes. 
These units are installed on the premises of the building. 
 
There is also an air conditioning system in the hotel unit, which is achieved through 
AHU (Air Handling Unit: central air conditioning unit). AHUs are used for both heating 
and cooling in combination with FCUs. The combined system is considered to have the 
following form: 
 
Figure 22 Indicative depiction of the hotel systems 
 
The production of cold water takes place in the cooling units (air - water), while the 
production of hot water takes place in the gas boiler. 
 
The system is comprised of the below parts: 
AIR SYSTEM FUNCTION 
Air vent network Air circulation 
Thermostat Stable air flow temperature 
Filters Pollutant discharge 
 
COOL WATER SYSTEM FUNCTION 
Pumps Energy for the circulation of water 
Chill water pipelines Transfer of cold water from the cooling 
unit to the coils 
Control valves Coolant flow regulator 
Discharged chill water pipeline Transfer of water from coils to refrigerant 
unit 
 
HOT WATER SYSTEM FUNCTION 
Natural Gas boiler Hot water production 
Pumps Energy for the circulation of water 
Hot water pipelines Transfer of hot water from the heating 
unit to the coils 
Control valves Regulation of supply to the coils 
 
 
 Figure 23 Schematic depiction of building systems 
 
The building is considered to have reference class automation: (C). More specifically: 
HEATING AND COOLING SYSTEM 
• Individual room automatic control by thermostatic valves or electronic 
controller (emission temperature, based on room temperature, with the help of 
an electronic controller). 
• Outside temperature compensated control (temperature control of hot / cold 
water distribution network based on outside temperature). 
• Distribution pump control: pump with speed regulator and constant differential 
pressure. 
VENTILATION SYSTEM 
• Airflow to the rooms using a timer 
• Nightcooling (free mechanical cooling) 
• Supply air temperature: constant (does not adapt to space load) 
 
The BAC class wanted to be achieved is: A 
The following Functions were chosen from ΕΝ15232 : 
 
HEATING CONTROL 
• Emission control: Integrated individual room control including demand 
control (by    occupancy, air quality, etc.): Fan coil supply, based on room 
temperature, while using scheduling and / or presence control, by using an 
electronic controller.                                                                    
• Control of distribution network hot water temperature(supply or return): 
Indoor temperature control: distribution temperature based on room 
temperature (indoor temperature), using an electronic controller. 
• Control of distribution pumps : Variable speed pump control with 
proportional ∆p : The differential pressure in the pump decreases as the load 
decreases. 
• Intermittent control of emission and/or distribution: Automatic control 
with optimum start/stop : Additional savings on transmission and / or 
distribution by converting operating hours to presence hours. 
• Generator control: Variable temperature depending on the load : The 
temperature of the source corresponds to the consumption. Minimization of the 
source energy loss [9] 
 
 
 
 
 
 
 
 
 
 
 
The aforementioned interventions can be shown graphically as follows: 
 
Figure 24 Graphical presentation of the interventions 
[12] 
 
COOLING CONTROL 
• Emission control: Integrated individual room control including demand 
control (bυ occupancy, air quality, etc.): Fan coil supply, based on room 
temperature, while using scheduling and / or presence control, by using an 
electronic controller.  
• Control of distribution network hot water temperature(suuply or return): 
Indoor temperature control: distribution temperature based on room 
temperature (indoor temperature), using an electronic controller. 
• Control of distribution pumps : Variable speed pump control with 
proportional ∆p: The differential pressure in the pump decreases as the load 
decreases.  
• Intermittent control of emission and/or distribution: Automatic control 
with optimum start/stop: Additional savings on transmission and / or 
distribution by converting operating hours to presence hours. 
• Generator control: Variable temperature depending on the load: The 
temperature of the source corresponds to the consumption. Minimization of 
the source energy loss [9] 
 
Similarly: 
 
Figure 25 Graphical presentation of the proposed intervenitons 
[12] 
 
VENTILATION CONTROL 
• Air flow at the room level: Demand control : Controlled airflow using the air 
quality sensor according to user profiles. 
• Air flow control at the air handler level : Automatic flow or pressure control 
with or without pressure reset : Air supply adapts to consumer demand. During 
partial charging, the fan output of the AHU is reduced. 
• Supply Temperature control : Variable set point with load dependant 
compensation : The desired air temperature is determined by the space loads. 
• Humidity control : Supply air humidity control : Use of humidification and 
dehumidifying. [9] 
The aforementioned interventions can be shown graphically as follows: 
  
Figure 26 Graphical presentation of the proposed intervenitons 
[12] 
 
LIGHTING CONTROL 
• Occupancy control: Automatic detection Auto On / Dimmed: Automatic 
switch controls the lighting according to the presence of occupants. 
• Daylight control: Manual: Lighting is manually fluctuated depending on the 
level of sunlight [9]  
 
 
Class considered as reference class: C 
 
According to EN15232 and the simplified method of calculating energy efficiency we 
have: 
For class A we have the following factors:  
• fbac,electricity= 0.90 (For class A hotel) 
• fbac,heating/cooling= 0.68 (For class A hotel) 
 
Following are the calculations of the new consumption that will result from the 
implementation of the BACs: 
Energy need for heating= 17,4 (kWh/m2) 
Energy need for cooling= Incorporated to the total electricity consumption  
 
• BACfactorhc,class C= 1 
• BACfactorhc,class A= 0.68 
 
Energy need for ventilation= Incorporated to the total electricity consumption  
Lighting energy= Incorporated to the total electricity consumption  
Total electrical energy used= 187.33 (kWh/m2) 
 
BACfactorel,class C= 1 
BACfactorel,class A= 0.90 
Thus : 
Thermal energy use actual case (Class A) =17.4*(0.68/1) =11.83 (kWh/m2) 
Electrical energy (Class A) = 187.33*(0.90/1) = 168.59 (kWh/m2) 
 
Thermal energy saving : 5.57 (kWh/m2) , 32% reduction 
Electrical energy saving : 18.74 (kWh/m2) , 10% reduction 
 
 
 
 4.2 2nd Case study 
In the second case study, the hotel number 15 will be examined [10]. 
 
CONSUMPTION (Mean values 2010-2011): 
The following tables will show in detail the consumption for the years 2010 and 2011 
for the hotel (15). The following consumptions were largely influenced by the size of 
the building, the hotel profile, the hotel’s systems and the number of tenants in the 
consumption study period. 
 
Energy source  Primary energy Coef. 
Pollutants per unit of energy 
[kgCO2/kWh] 
Natural Gas  1,05  0,196 
Oil 1,10  0,264 
Electricity  2,90  0,989 
Biomass 1,00  --- 
 
Table 10Primary Energy and CO2 pollutants / unit coefficients 
 
 
  
Below, the consumption of the hotel is normalized to the total area and the average of 
two years of consumption is presented, for the hotel number (15) 
                             Indicative information for hotel number (15) 
H RN  SR  CY  TVA  
EUIel 
(kWh/m2) 
EUIgas 
(kWh/m2)   
EUIoil 
(kWh/m2) 
15 918 4 1970 25,920 406.48 0 0 
 
 [10] 
 
 
 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2010 
15 389,89  0,00  0,00  389,89 
Table 11 Hotel consumption for year 2010 
HOTEL 
NUMBER 
TOTAL 
PRIMARY 
ENERGY 
(ELECTRICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2011 
15 423,06  0,00  0,00  423,06 
Table 12 Hotel consumption for year 2011 
HVAC SYSTEM : 
Regarding heating, cooling and hot water production systems we have the following 
information about the hotel (15), according to the study [10]: 
Heating system: Air-Water Heat pump 
Cooling system: Air-water Heat Pump 
Hot water system: Electric Boiler 
 
ASSUMPTIONS: 
According to the European Program EL-Tertiary where electricity consumption is 
monitored in the Tertiary sector in 25 European countries including Greece, results 
show that in hotels: 
• 14% of electricity consumption is related to air conditioning. 
• 22% of electricity consumption is related to cooling.  
• 13% of electricity consumption is related to lighting. 
• 1% of electricity consumption is related to DHW. 
• 22% of electricity consumption is related to heating  [11] 
The remaining percentage is allocated to other uses.  
The value related to heating is assumed that way, considering the fact that we have an 
inverter heat pump and that the electricity usage of the heat pump derives from the 
following formula:  
Energy consumption=
𝑈𝑛𝑖𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
× 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛. [13] 
Taking into consideration that the values of unit capacity and energy performance have 
low declination and that time of operation is considered the same (for a simplified 
calculation method and due to lack of data), then the electricity consumption percentage 
of the heat pump, for heating, is assumed to be the same as for cooling.  
Thus the following consumptions are allocated: 
• Energy consumption for heating equals to: 89.42(kWh/m2) 
• Energy consumption for cooling equals to : 89.42  (kWh/m2) 
• Energy consumption for ventilation equals to : 56.9  (kWh/m2) 
• Energy consumption for lighting equals to : 52.84  (kWh/m2) 
• Energy consumption for DHW equals to: 4.06(kWh/m2) 
 
The following assumptions are made regarding heating, cooling, air conditioning and 
lighting systems due to lack of data: 
The thermal / cooling (water) distribution system is a pipeline network. The terminal 
units are fan coil which are active and used during heating / cooling. Consequently, the 
air in the room is cooled / heated through the FCUs where hot / cold water passes. 
These units are installed on the premises of the building. 
 
There is also an air conditioning system in the hotel unit, which is achieved through 
AHU (Air Handling Unit: central air conditioning unit). AHUs are used for both heating 
and cooling in combination with FCUs. The combined system is considered to have the 
following form: 
 
Figure 27 Indicative depiction of the hotel systems 
 
 
The system is comprised of the below parts: 
AIR SYSTEM FUNCTION 
Air vent network Air circulation 
Thermostat Stable air flow temperature 
Filters Pollutant discharge 
 
COOL WATER SYSTEM FUNCTION 
Pumps Energy for the circulation of water 
Chill water pipelines Transfer of cold water from the cooling 
unit to the coils 
Control valves Coolant flow regulator 
Discharged chill water pipeline Transfer of water from coils to refrigerant 
unit 
 
HOT WATER SYSTEM FUNCTION 
Pumps Energy for the circulation of water 
Hot water pipelines Transfer of hot water from the heating 
unit to the coils 
Discharged hot water pipeline Transfer of water from coils to heat pump  
Control valves Regulation of supply to the coils 
 
The building is considered to have reference class automation: (C). More specifically: 
 
 
HEATING AND COOLING SYSTEM 
• Individual room automatic control by thermostatic valves or electronic 
controller (emission temperature, based on room temperature, with the help of 
an electronic controller). 
• Outside temperature compensated control (temperature control of hot / cold 
water distribution network based on outside temperature). 
• Distribution pump control: pump with speed regulator and constant differential 
pressure. 
 
VENTILATION SYSTEM 
• Airflow to the rooms using a timer 
• Nightcooling (free mechanical cooling) 
• Supply air temperature: constant (does not adapt to space load) 
 
The BAC class wanted to be achieved is: B 
The following Functions were chosen from ΕΝ15232 : 
 
HEATING CONTROL 
• Emission control: Integrated individual room control including demand 
control (by    occupancy, air quality, etc.): Fan coil supply, based on room 
temperature, while using scheduling and / or presence control, by using an 
electronic controller.  Communication between controllers and BACS, for the 
presence and demand control.  
• Control of distribution network hot water temperature(supply or return): 
Indoor temperature control: distribution temperature based on room 
temperature (indoor temperature), using an electronic controller. 
• Control of distribution pumps : Variable speed pump control with constant 
∆p 
• Heat generator control (Heat Pump) : Variable temperature control 
depending on the outdoor temperature. 
 The aforementioned interventions can be shown graphically as follows: 
 
Figure 28 Graphical presentation of the proposed intervenitons 
[12] 
 
COOLING CONTROL 
• Emission control: Integrated individual room control including demand  
control (by    occupancy, air quality, etc.): Fan coil supply, based on room  
temperature, while using scheduling and / or presence control, by using an 
electronic controller.  Communication between controllers and BACS, for the 
presence and demand control. 
• Control of distribution network hot water temperature(supply or return): 
Indoor temperature control: distribution temperature based on room 
temperature (indoor temperature), using an electronic controller. 
• Control of distribution pumps : Variable speed pump control with constant 
∆p : The differential pressure in the pump decreases as the load decreases. 
• Heat generator control (Heat Pump) : Variable temperature control 
depending on the outdoor temperature. 
                                          
Similarly: 
 
Figure 29 Graphical presentation of the proposed intervenitons 
 
[12] 
 
VENTILATION CONTROL 
• Air flow at the room level: Presence control : Controlled airflow using the air 
quality sensor according to user presence. 
• Air flow control at the air handler level : Automatic flow or pressure control 
with or without pressure reset : Air supply adapts to consumer demand. During 
partial charging, the fan output of the AHU is reduced. 
• Supply Temperature control : Variable set point with outdoor temperature 
compensation : The desired air temperature is determined by the outdoor 
temperature. 
• Humidity control : Supply air humidity control : Use of humidification and 
dehumidifying. [9] 
 
The aforementioned interventions can be shown graphically as follows: 
 
Figure 30 Graphical presentation of the proposed intervenitons 
[12] 
 
 
LIGHTING CONTROL 
• Occupancy control: Automatic detection Auto On / Dimmed: Automatic 
switch controls the lighting according to the presence of occupants. 
• Daylight control: Manual: Lighting is manually fluctuated depending on the 
level of sunlight [9]  
 
Class considered as reference class: C 
According to EN15232 and the simplified method of calculating energy efficiency we 
have: 
For class Β we have the following factors:  
• fbac,electricity= 0.95 (For class B hotel) 
• fbac,heating/cooling= 0.85 (For class B hotel) 
 
Following are the calculations of the new consumption that will result from the 
implementation of the BACs: 
Energy need for heating=  Incorporated to the total electricity consumption 
Energy need for cooling= Incorporated to the total electricity consumption  
Energy need for ventilation= Incorporated to the total electricity consumption  
Lighting energy= Incorporated to the total electricity consumption  
Total electrical energy used= 292.64 (kWh/m2) 
 
BACfactorel,class C= 1 
BACfactorel,class B= 0.95 
Thus : 
Electrical energy (Class B) = 292.64 *(0.95/1) = 278 (kWh/m2) 
Electrical energy saving : 14.64 (kWh/m2) , 5% reduction 
 
4.3 3rd Case Study 
 
In the third case study the hotel number (2) will be examined [10] 
CONSUMPTION (Mean values 2010-2011): 
The following tables will show in detail the consumption for the years 2010 and 2011 
for the hotel (2). The following consumptions were largely influenced by the size of the 
building, the hotel profile, the hotel’s systems and the number of tenants in the 
consumption study period. 
 
  
 
 
Below, the consumption of the hotel is normalized to the total area and the average of 
two years of consumption is presented, for the hotel number (2) 
 
 
 
 
 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2010 
2 465,21 10,13 0,00  475,34 
Table 13 Hotel consumption for year 2010 
HOTEL 
NUMBER 
TOTAL 
PRIMARY 
ENERGY 
(ELECTRI
CITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2011 
2 426,34 9,93  0,00  436,27 
Table 14 Hotel consumption for year 2011 
H RN  SR  CY  TVA  
EUIel 
(kWh/m2) 
EUIgas 
(kWh/m2)   
EUIoil 
(kWh/m2) 
2 338 5 1975 13.644 445,78 10.03 0 
 
Table 15 Indicative information for hotel number (2) 
 [10] 
HVAC SYSTEM : 
Regarding heating, cooling and hot water production systems we have the following 
information about the hotel (2), according to the study [10]: 
Heating system: Central heating system with gas-fired boiler 
Cooling system: Air cooled water chiller 
Hot water system: Central heating system with gas-fired boiler 
 
ASSUMPTIONS: 
According to the European Program EL-Tertiary where electricity consumption is 
monitored in the Tertiary sector in 25 European countries including Greece, results 
show that in hotels: 
• 14% of electricity consumption is related to air conditioning. 
• 22% of electricity consumption is related to cooling.  
• 13% of electricity consumption is related to lighting.[11] 
The remaining percentage is allocated to other uses.  
 
Thus the following consumptions are allocated: 
• Energy consumption for heating / DHW equals to: 10.03(kWh/m2) 
• Energy consumption for cooling equals to : 98.07  (kWh/m2) 
• Energy consumption for ventilation equals to : 62.4  (kWh/m2) 
• Energy consumption for lighting equals to : 57,95  (kWh/m2) 
 The following assumptions are made regarding heating, cooling, air conditioning and 
lighting systems due to lack of data: 
The thermal / cooling (water) distribution system is a pipeline network. The terminal 
units are fan coil which are active and used during heating / cooling. Consequently, the 
air in the room is cooled / heated through the FCUs where hot / cold water passes. 
These units are installed on the premises of the building. 
There is also an air conditioning system in the hotel unit, which is achieved through 
AHU (Air Handling Unit: central air conditioning unit). AHUs are used for both heating 
and cooling in combination with FCUs. 
The heating, cooling, air conditioning systems have the form of the previously designed 
case study of the hotel number (7). 
The building is considered to have reference class automation: (C) 
The BAC class wanted to be achieved is: (A) 
The functions of BAC class (C) and (A) are the same as those, chosen for the case study 
of the hotel number (7).  
 
 
According to EN15232 and the simplified method of calculating energy efficiency we 
have: 
For class A we have the following factors:  
• fbac,electricity= 0.90 (For class A hotel) 
• fbac,heating/cooling= 0.68 (For class A hotel) 
 
Following are the calculations of the new consumption that will result from the 
implementation of the BACs: 
Energy need for heating= 10.03 (kWh/m2) 
 
• BACfactorhc,class C= 1 
• BACfactorhc,class A= 0.68 
 
 
Energy need for cooling= Incorporated to the total electricity consumption  
Energy need for ventilation= Incorporated to the total electricity consumption  
Lighting energy= Incorporated to the total electricity consumption  
Total electrical energy used= 218.42 (kWh/m2) 
 
• BACfactorel,class C= 1 
• BACfactorel,class A= 0.90 
 
Thus : 
Thermal energy use actual case (Class A) =10.03*(0.68/1) =6.82 (kWh/m2) 
Electrical energy (Class A) = 218.42*(0.90/1) = 196.57 (kWh/m2) 
 
Thermal energy saving : 3.21 (kWh/m2) , 32% reduction 
Electrical energy saving : 21.84 (kWh/m2) , 10% reduction 
 
4.4 4th Case Study 
 
In the fourth case study the hotel number (22) will be examined [10] 
 
CONSUMPTION (Mean values 2010-2011): 
The following tables will show in detail the consumption for the years 2010 and 2011 
for the hotel (22). The following consumptions were largely influenced by the size of 
the building, the hotel profile, the hotel’s systems and the number of tenants in the 
consumption study period. 
 
 
 
 
 
Below, the consumption of the hotel is normalized to the total area and the average of 
two years of consumption is presented, for the hotel number (22) 
 
 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2010 
22 232,1 0 4,63 236,73 
Table 16 Hotel consumption for year 2010 
HOTEL 
NUMBER 
TOTAL 
PRIMAR
Y 
ENERGY 
(ELECTR
ICITY) 
TOTAL 
PRIMARY 
ENERGY 
(NATURAL 
GAS) 
TOTAL 
PRIMARY 
ENERGY 
(OIL) 
TOTAL 
PRIMARY 
ENERGY 
2011 
22 191,87 0  3,87  195,74 
Table 17 Hotel consumption for year 2011 
H RN  SR  CY  TVA  
EUIel 
(kWh/m2) 
EUIgas 
(kWh/m2)   
EUIoil 
(kWh/m2) 
22 31 3 1965 1250 211.99 0 4.25 
 
Table 18 Indicative information for hotel number (22) 
 
 [10] 
HVAC SYSTEM : 
Regarding heating, cooling and hot water production systems we have the following 
information about the hotel (22), according to the study [10]: 
Heating system: Central heating system with oil-fired boiler 
Cooling system: Air cooled water chiller 
Hot water system: Central heating system with oil-fired boiler 
 
ASSUMPTIONS: 
According to the European Program EL-Tertiary where electricity consumption is 
monitored in the Tertiary sector in 25 European countries including Greece, results 
show that in hotels: 
• 14% of electricity consumption is related to air conditioning. 
• 22% of electricity consumption is related to cooling.  
• 13% of electricity consumption is related to lighting.[11] 
The remaining percentage is allocated to other uses.  
 
Thus the following consumptions are allocated: 
• Energy consumption for heating / DHW equals to: 4.25(kWh/m2) 
• Energy consumption for cooling equals to : 46.63  (kWh/m2) 
• Energy consumption for ventilation equals to : 29.67  (kWh/m2) 
• Energy consumption for lighting equals to : 27.55  (kWh/m2) 
 
The following assumptions are made regarding heating, cooling, air conditioning and 
lighting systems due to lack of data: 
The thermal / cooling (water) distribution system is a pipeline network. The terminal 
units are fan coil which are active and used during heating / cooling. Consequently, the 
air in the room is cooled / heated through the FCUs where hot / cold water passes. 
These units are installed on the premises of the building. 
There is also an air conditioning system in the hotel unit, which is achieved through 
AHU (Air Handling Unit: central air conditioning unit). AHUs are used for both heating 
and cooling in combination with FCUs. 
 
The heating, cooling, air conditioning systems have the form of the previously designed 
case study of the hotel number (7). 
 
The building is considered to have reference class automation: (C) 
The BAC class wanted to be achieved is: (A) 
The functions of BAC class (C) and (A) are the same as those, chosen for the case study 
of the hotel number (7). In this case, the heating system is, instead of central gas boiler, 
central oil boiler. This does not affect the function selection and the implementation of 
BACS that has been done in previous examples. 
According to EN15232 and the simplified method of calculating energy efficiency we 
have: 
For class A we have the following factors:  
• fbac,electricity= 0.90 (For class A hotel) 
• fbac,heating/cooling= 0.68 (For class A hotel) 
 
Following are the calculations of the new consumption that will result from the 
implementation of the BACs: 
Energy need for heating= 4.25 (kWh/m2) 
 
• BACfactorhc,class C= 1 
• BACfactorhc,class A= 0.68 
 
 
Energy need for cooling= Incorporated to the total electricity consumption  
Energy need for ventilation= Incorporated to the total electricity consumption  
Lighting energy= Incorporated to the total electricity consumption  
Total electrical energy used= 103.85 (kWh/m2) 
 
• BACfactorel,class C= 1 
• BACfactorel,class A= 0.90 
 
Thus : 
Thermal energy use actual case (Class A) =4.25*(0.68/1) =2.89 (kWh/m2) 
Electrical energy (Class A) = 103.85*(0.90/1) = 93.46 (kWh/m2) 
 
Thermal energy saving : 1.36 (kWh/m2) , 32% reduction 
Electrical energy saving : 10.38 (kWh/m2) , 10% reduction 
 
 
 
5. Economical analysis of the Energy savings 
 
The whole system for each and one hotel will be comprised of three levels. The three 
levels of the system will communicate and interact with each other.  
Digital Controllers 
The system should provide high reliability and availability. For this reason it will be 
able to operate with a decentralization of its functions. At the system automation level 
there will be autonomous digital controllers so that they can perform their processes 
independently of all the central control system's devices.  
Third-Party Connections.  
To be able to integrate these systems at the automation and management levels. The 
integration of these devices should be achieved with ease and effort. All hardware and 
software required for the integration of third-party systems, as well as all required 
services, clarifications, communication techniques, interconnection and data transfer 
tests, production of specialized software, graphics generation, etc. should be included in 
costs. 
 Independent site operation 
The entire building system technology should enable alarms, events, trends graphs, and 
graphs of electromechanical installations to be managed and operated by any location of 
the building. 
So the system will have sensors and digital controllers and all these will communicate 
through a server and a bus system that will control and monitor the values of the sensors 
regarding for example, humidity, temperature etc. 
Regarding the software, a clear installation on the host computer is completely required. 
The software environment should meet some specifications and requirements in order 
for the system server to operate effortlessly. The software that will be used is upon the 
company that the hotel operators will choose. 
Digital controllers will have built-in intelligence, and they will be able to operate 
autonomously, designed for Decentralized Digital Control applications. These 
controllers will operate and communicate between them in order for the system to 
operate normally.[14][15][16][17][18] 
 
Below, a rough economical analysis is made, regarding the energy savings from the 
installation of the proposed systems. The numbers used have been derived from 
various product catalogues and respond roughly to the market prices. Thus the 
prices are indicative and respective to the number of rooms of the hotels. 
5.1 1st Case study 
Firstly, the hotel number 7 is examined: 
Number of rooms: 58 
HEATING CONTROL 
• Digital programmable thermostats: 50 euro per unit, with presence/scheduling 
control.                                        
• Usage of electronic tempering valves for the control of the distribution network 
of  hot water: 100 euro per unit  
• Electronic controller of the gas-fired boiler, where the temperature of the 
source is adjusted to the load: 300 euro per unit  
 
COOLING CONTROL 
• Digital programmable thermostats: 50 euro per unit, with presence/scheduling 
control.                                        
• Usage of electronic tempering valves for the control of the distribution network 
of cold water: 100 euro per unit  
• Electronic controller of the chiller, where the temperature of the source is 
adjusted to the load: 300 euro per unit  
VENTILATION CONTROL 
• Digital programmable thermostats: 50 euro per unit, with load control according 
to the room temperature                                        
• Humidification-dehumidification system , with sensors: 30 euro per sensor, 1000 
euro for the system  
LIGHTING CONTROL 
• Automatic switch, that controls the light according to the occupancy: Price per 
unit 10 euro 
 
The above electronic material can differ according to the size and usage of the hotel and 
consequently the prices are typical and may change in each case. In this dissertation the 
price was selected according to offers from relevant companies and relatable catalogues. 
The aforementioned can be summarized in the following table: 
Heating Cooling Ventilation Lighting Units Total 
Thermostat 
50 eu/unit 
 
Automatic 
switch 10 
eu/unit 
58 3480 
Electronic 
tempering 
valves 100 
eu/unit 
Electronic 
tempering 
valves 100 
eu/unit 
  58 
11600 
 
Electronic 
controller 
300 eu 
/unit 
Electronic 
controller 
300 
eu/unit 
  1 600 
  
Humidity Sensor 
30 eu/unit 
 58 1740 
  
Humidification-
Dehumidification 
system 1000 
euro 
 1 1000 
Bus system 
10000 
Software 
Total: 28420 euro 
Table 19 Cost for 1st case study 
[19][20] 
Taking into consideration the pricing of the electricity, according to PPC (Public Power 
Corporation) , the following electricity savings are considered: 
• Total annual electrical energy used for heating /cooling DWH and lighting : 
187.33 (kWh/m2) 
Gross Floor Area of hotel (7) = 2093 m2   (Total area of the building that is 
heated or cooled) 
Thus : Total annual electrical energy used for heating /cooling DWH and lighting= 
392.081,7 kWh or  392,08 MWh 
• Electrical energy saving : 18,74 (kWh/m2) 
Total annual electrical energy savings= 39,222.8 kwh or 39,2 MWh 
• The price of the kWh according to PPC is : 0,12269 €  
 
Annual savings in monetary terms: 4812,24 €[21] 
 
The economic evaluation of the investment is shown in the following table: 
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Figure 31 Economic evaluation of the investment 
 
It can be seen that the time duration of the amortization is 6,6 years. What is more the 
Net Present Value is 65.900 which is higher than the initial investment. Finally the 
Internal Rate of Return is 16,77% making the investment viable. 
Implementing the previous calculation methodology to the remaining hotels under 
examination(hotel No: 15,2,22), the following results are extracted: 
5.2 2nd Case study 
 
The next Hotel examined is No:15 
Heating Cooling Ventilation Lighting Units Total 
Thermostat 
30 eu/unit 
 
Automatic 
switch 10 
eu/unit 
918 36.720 
Electronic 
tempering 
valves 80 
eu/unit 
Electronic 
tempering 
valves 80 
eu/unit 
  918 
146.880 
 
Electronic 
controller 
500 eu 
/unit 
Electronic 
controller 
500 eu/unit 
  1 1000 
  
Humidity Sensor 
30 eu/unit 
 918 27.540 
  
Humidification-
Dehumidification 
system 5000 
euro 
 1 5000 
Bus system 80.000 
Software 
Total: 298.140 euro 
Table 20 Cost for 2nd case study 
[19][20] 
 
Taking into consideration the pricing of the electricity of the second month of year 
2011, according to PPC (Public Power Corporation) , the following electricity savings 
are considered: 
• Total electrical energy used for heating /cooling DWH and lighting : 292.64 
(kWh/m2) 
Gross Floor Area of hotel (15) = 25.920 m2   (Total area of the building that is 
heated or cooled) 
Thus  
Total annual electrical energy used for heating /cooling DWH and lighting= 
7.585.228  kWh or  7.585 MWh 
 
 
• Electrical energy saving : 14,64 (kWh/m2) 
Total annual electrical energy savings= 379.468 kwh or 379,5 MWh 
 
The price of the kWh according to PPC is : 0,12269 € 
 
Annual savings in monetary terms: 46.557 €[21] 
The economic evaluation of the investment is shown in the following table: 
3,0%
0%
30
Total budget, C, EUR 298.140
Yearly operational profit, EUR 46.557 Year
Yearly net operational profit for year t, Ft=ft-φ*(ft-C/ν), EUR 45.201 1
43.884 2
42.606 3
41.365 4
40.160 5
38.991 6
37.855 7
36.753 8
35.682 9
34.643 10
33.634 11
32.654 12
31.703 13
30.780 14
29.883 15
29.013 16
28.168 17
27.347 18
26.551 19
25.777 20
25.027 21
24.298 22
23.590 23
22.903 24
22.236 25
21.588 26
20.959 27
20.349 28
19.756 29
19.181 30
7,2 years
614.400
15,40%
DPB
Net Present Value, NPV
Internal Rate of Return, ΙRR
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Figure 32 Economic evaluation of the investment 
It can be seen that the time duration of the amortization is 7,2 years. What is more the 
Net Present Value is 614.400 which is higher than the initial investment. Finally the 
Internal Rate of Return is 15,40% making the investment viable. 
5.3 3rd Case Study 
 
Hotel No: 2 
Heating Cooling Ventilation Lighting Units Total 
Thermostat 
50 eu/unit 
 
Automatic 
switch 10 
eu/unit 
338 13.520 
Electronic 
tempering 
valves 100 
eu/unit 
Electronic 
tempering 
valves 100 
eu/unit 
  338 
67.600 
 
Electronic 
controller 
500 eu /unit 
Electronic 
controller 
500 eu/unit 
  1 1000 
  
Humidity Sensor 
30 eu/unit 
 338 10.140 
  
Humidification-
Dehumidification 
system 3000 
euro 
 1 3.000 
Bus system 
40000 
Software 
Total: 135.260 euro 
Table 21 Cost for 3rd case study 
[19][20] 
 
 
Taking into consideration the pricing of the electricity of the second month of year 
2011, according to PPC (Public Power Corporation) , the following electricity savings 
are considered: 
• Total annual electrical energy used for heating /cooling DWH and lighting : 
218,42 (kWh/m2) 
Gross Floor Area of hotel (2) = 13.644 m2   (Total area of the building that is 
heated or cooled) 
Thus  
Total annual electrical energy used for heating /cooling DWH and lighting= 
2,980.12 MWh 
 
 
• Electrical energy saving : 21,84 (kWh/m2) 
Total annual electrical energy savings= 297.984,9 kwh or 297,9 MWh 
 
The price of the kWh according to PPC is: 0,12269 € 
 
Annual savings in monetary terms: 36.559 €[21] 
The economic evaluation of the investment is shown in the following table: 
3,0%
0%
30
Total budget, C, EUR 135.260
Yearly operational profit, EUR 36.559 Year
Yearly net operational profit for year t, Ft=ft-φ*(ft-C/ν), EUR 35.494 1
34.460 2
33.457 3
32.482 4
31.536 5
30.618 6
29.726 7
28.860 8
28.019 9
27.203 10
26.411 11
25.642 12
24.895 13
24.170 14
23.466 15
22.782 16
22.119 17
21.475 18
20.849 19
20.242 20
19.652 21
19.080 22
18.524 23
17.985 24
17.461 25
16.952 26
16.458 27
15.979 28
15.514 29
15.062 30
4,0 years
581.300
27,01%
DPB
Net Present Value, NPV
Internal Rate of Return, ΙRR
Economic Evaluation of the Investment
Economic Indexes of the investment
Interest, d
Taxing of the investment, φ
Time duration, ν
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Figure 33 Economic evaluation of the investment 
It can be seen that the time duration of the amortization is 4 years. What is more the Net 
Present Value is 581.300 which is higher than the initial investment. Finally the Internal 
Rate of Return is 27,01% making the investment highly viable. 
  
5.4 4th Case Study 
 
Hotel No: 22 
Heating Cooling Ventilation Lighting Units Total 
Thermostat 
50 eu/unit 
 
Automatic 
switch 10 
eu/unit 
31 1860 
Electronic 
tempering 
valves 100 
eu/unit 
Electronic 
tempering 
valves 100 
eu/unit 
  31 
6200 
 
Electronic 
controller 
300 eu /unit 
Electronic 
controller 
300 eu/unit 
  1 600 
  
Humidity Sensor 
30 eu/unit 
 31 930 
  
Humidification-
Dehumidification 
system 1000 
euro 
 1 500 
Bus system 
5000 
Software 
Total: 15.090 euro 
Table 22 Cost for the 4th case study 
[19][20] 
 Taking into consideration the pricing of the electricity of the second month of year 
2011, according to PPC (Public Power Corporation) , the following electricity savings 
are considered: 
• Total annual electrical energy used for heating /cooling DWH and lighting : 
103.85 (kWh/m2) 
Gross Floor Area of hotel (22) = 1,250 m2   (Total area of the building that is 
heated or cooled) 
Thus  
Total annual electrical energy used for heating /cooling DWH and lighting= 
129,812.5  kWh 
 
 
• Electrical energy saving : 10,38 (kWh/m2) 
 
Total annual electrical energy savings= 12.975 kwh  
 
The price of the kWh according to PPC is: 0,12269 €  
 
Annual savings in monetary terms: 1591 €[21] 
The economic evaluation of the investment is shown in the following table: 
3,0%
0%
30
Total budget, C, EUR 15.090
Yearly operational profit, EUR 1.591 Year
Yearly net operational profit for year t, Ft=ft-φ*(ft-C/ν), EUR 1.545 1
1.500 2
1.456 3
1.414 4
1.372 5
1.332 6
1.294 7
1.256 8
1.219 9
1.184 10
1.149 11
1.116 12
1.083 13
1.052 14
1.021 15
991 16
963 17
935 18
907 19
881 20
855 21
830 22
806 23
783 24
760 25
738 26
716 27
695 28
675 29
655 30
11,3 years
16.100
9,93%
DPB
Net Present Value, NPV
Internal Rate of Return, ΙRR
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Interest, d
Taxing of the investment, φ
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Figure 34 Economic evaluation of the investment 
It can be seen that the time duration of the amortization is 11,3 years. What is more the 
Net Present Value is 16.100 which is higher than the initial investment. Finally the 
Internal Rate of Return is 9,93% making the investment viable.[22][23][24][25][26] 
  
Conclusions 
 
In the first part of the analysis of this thesis, the hotels in question were analyzed 
regarding their energy consumption. As it turned out, most hotels had high electricity 
consumption, which is natural for hotel units, since their operation requires them to 
consume a lot of electricity. Nearly all of the study’s samples included hotels that 
consumed natural gas as heating fuel and for Domestic Hot Water. 
Then the standard EN15232 was examined and hotels were classified into energy 
classes based on this standard. Once the hotels were ranked, the standard was analyzed 
so that the classes to be achieved for each hotel could be selected. Based on this choice, 
the different functions for each hotel were formulated and thus a technical study was 
carried out on what would be applied to each hotel unit separately in order to achieve 
the desired class. 
In the next section and after the selection of the measures to be implemented, the 
savings of each hotel unit were calculated based on the BAC factors method. The BAC 
factors were selected from the standard tables and based on the classes wanted to be 
achieves, and based on them, the energy savings were calculated in the hotels sample. 
Even though the BAC factor calculation has a deterministic character, since, depending 
on the BAC factor chosen, the calculation was made, it is interesting to see that 
according to how the different functions were selected the rate of saving changed and 
that was the main purpose of this thesis. 
Finally, a feasibility study was carried out on the proposed interventions. After the 
equipment that was going to be used in the various hotels was analyzed, the 
interventions were priced at indicative market prices. Then, the financial viability of the 
interventions was evaluated based on the NPV and IRR indices and the depreciation 
time. What was of great interest in the results is that the larger the project, the faster the 
depreciation of the original investment. 
The hotel sector is a major energy consumer in both the Greek and international tertiary 
sectors. Consumption of electricity and oil or gas comprises a large part of the energy 
pie making it imperative to upgrade hotels. This upgrade is not just about improving 
hotel shells or designing passive methods and techniques to improve their energy 
efficiency. It is important to understand that HVAC systems of hotels play a very 
important role in their consumption. This need is met by the European standard 
EN15232 which is offering solutions and, above all, guidance on how to design these 
systems. 
This is what the current thesis aims to achieve, that is to highlight the great importance 
and impact of upgrading the various building systems can have on energy savings, 
which is just as important as other energy consumption reduction strategies. 
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